INTRODUCTION
attempts have been made to develop nitrogen containing heterocyclic Cr(VI) complexes [8] [9] [10] [11] .
A series of indole-2-carboxylic acid benzylidene-hydrazides has been identified as a new class of potent apoptosis inducers through a novel cell-based caspase HTS assay 12 . A search of literature revealed that only few reports are available for kinetics of oxidation of heterocyclic aldehydes [13] [14] [15] [16] . Benzimidazolium fluorochromate [17] [18] [19] [20] was reported as a mild, stable and selective oxidant. BIFC has been reported as an effective oxidant for the oxidation of alcohols 17, 18 , benzaldehydes 19 and anilines 20 .We have been interested in the kinetic and mechanistic aspects of the oxidation by complexed Cr(VI) species, and several studies on halochromates have already been reported [19] [20] [21] [22] . In continuation of our earlier work, we now report the kinetics of oxidation of indole-2-aldehyde by BIFC in acetic acid water medium in various solvent compositions and to determine thermodynamic parameters. A probable mechanism has been proposed.
EXPERIMENTAL

Materials
Benzimidazole and chromium trioxide were obtained from Fluka (Buchs, Switzerland). The heterocyclic aldehyde used was indole-2-aldehyde. BIFC was prepared by reported method 17 and its purity is checked by an iodometric method. Acetic acid was purified by standard method and the fraction distilling at 118 o C was collected.
Kinetic measurements
The kinetic studies were carried out in 50% acetic acid -50% water (v/v) at constant temperatures (± 0.01 K), under pseudo first-order conditions ( [2-InA] > [BIFC] ) using a Shimadzu UV-1800 UV-Vis spectrophotometer. Reaction mixtures for kinetic runs were prepared by quickly mixing the solutions of the 2-InA and BIFC in varying volumes so that in each run the total volume was 5 ml. The progress of the reaction was monitored by following the disappearance of BIFC at 368 nm. The pseudofirst-order rate constant k obs , was evaluated from the linear (r = 0.990 to 0.999) plots of log [BIFC] against time for up to 80% reaction. The second order rate constant k 2 , was obtained from the relation
Product analysis
Product analysis was carried out under kinetic conditions i.e., with excess of the substrate over BIFC. In a typical experiment, indole-2-aldehyde (0.l mol), perchloric acid (0.32 mol) and BIFC (0.01 mol) were dissolved in acetic acid -water mixture (50 % -50%) and the solution was allows to stand in the dark for about 48 h to ensure completion of the reaction. The reaction mixture was then evaporated and extracted with ether. The ether layer was washed with water many times. 
Stoichiometric studies
Stoichiometric analysis showed that 3 mol of indole-2-aldehyde consumed 2 mol of BIFC in accordance with Eq (1) to give indole-2-carboxylic acid. Table  1 ). The near constancy in the value of k obs irrespective of the concentration confirms the first order dependence on BIFC.
Dependence on [2-InA]
The order of the reaction with respect to [2-InA] is unity, k 1 is directly proportional to as evident from the constant values of k 2 ( Table 1) . Plots of log k 1 Vs log [2-InA] are also linear with a slope value of 0.98 (Fig. 1) . Under pseudo-first-order conditions, the plot of k obs versus [2-InA] is linear passing through origin (Fig. 2) . These results confirm the first-order nature of the reaction with respect to .
Dependence on [H + ]
The reaction is catalysed by perchloric acid. When the concentration of perchloric acid 
Effect of solvent polarity on reaction rate
The oxidation of 2-InA has been studied in the binary mixture of acetic acid and water as the solvent medium. The effect from solvent composition on the reaction rate was studied by varying the concentration of acetic acid from 30% to 70%. For the oxidation of 2-InA, the reaction rate increased remarkably with the increase in the proportion of acetic acid in the solvent medium. These results are presented in Table 2 . The plot of log k 1 versus 1/ D (dielectric constant) is linear with positive slope suggesting the presence of either dipole-dipole or ion-dipole type of interaction between the oxidant and the substrate (Fig. 3) . Plot of log k 1 versus (D -1) / (2D+ 1) is a curvature indicating the absence of dipole -dipole interaction in the rate determining step. Amis (1967) holds the view that there is a possibility of a positive ionic reactant, as the rate decreases with the increasing dielectric constant of the medium 23 .
Activation parameters
The kinetics of oxidation of 2-InA was studied at four different temperatures viz., 298, 303, 308 and 313 K. The second order rate constants were calculated (Table 3 ). The Arrhenius plot of log k 2 versus 1/T is found to be linear. The enthalpy of activation, entropy of activation and free energy of activation were calculated from k 2 at 298, 303, 308 and 313 K using the Eyring relationship by the method of least square and presented in Table 3 . The entropy of activation is negative for 2-InA.
Mechanism of oxidation
A mechanism leading to the formation of the free radicals is unlikely in view of the failure to induce polymerization of acrylonitrile and no effect of the radical scavenger on the reaction rate. Positive slope of log k 1 versus 1/D plot indicates that the reaction involves a cation-dipole type of interaction in the rate determining step. It has been shown that aldehyde oxidation reactions proceeded 26 via the hydrated form. Hence, a mechanism involving a direct hydrogen-transfer reaction between a free aldehyde and BIFC was very unlikely.
The close resemblance in the structures of aldehyde hydrates and alcohols would favor similar pathways in their oxidation processes. The oxidation of alcohols had demonstrated the ratedetermining decomposition of the protonated acid chromate ester 27 . In an analogous manner, the oxidation of aldehydes could be visualized as proceeding via the formation of a similar The slow step of the reaction involved the participation of the aldehyde hydrate, protonated BIFC, and two electrons in a cyclic system. Removal of the hydrogen (on the carbon) was part of this step. The sequence of reactions for the oxidation of 2-InA by BIFCH + , in acid medium (Scheme 1) showed that BIFC was converted to the protonated BIFC i.e., BIFCH + . The substrate (A) was converted to the hydrated form (Hy), which reacted with BIFCH + , giving the monochromate ester intermediate (E). The monochromate ester (E) underwent decomposition, in the rate determining step, to give the product picolinic acid, along with the Cr (IV) species. 
Rate law
